Aim Does comprehensive geriatric assessment (CGA) affect the causes of death and the quality of palliative care when patients receive care at the end of life when in an outpatient care setting compared to usual care? Findings CGA does not affect the causes of death. CGA affects the frequency of referral to specialised palliative care teams, but CGA does not affect the quality of palliative care given to the patients. These effects are measured in outpatient care settings and in comparison with usual care. Message Further studies are needed to evaluate the CGA effects on causes of death and palliative care quality in outpatient care settings.
Introduction
In Europe in 2014, the deaths among old people, over 65 years, were dominated by cerebrovascular and cardiovascular diseases, which answered for 40.4%. Cancer caused 24.0% and respiratory diseases (including respiratory infections) caused 8.5% of deaths among people over 65 years of age [1] . The process of dying can be demanding and frightening and needs careful care planning. One way of doing this is by taking care of old, multi-morbid people according to comprehensive geriatric assessment (CGA). In 1991, Rubenstein defined CGA as a "multidisciplinary diagnostic process intended to determine a frail elderly person's medical, psychosocial, and functional capabilities and limitations to develop an overall plan for treatment and long-term followup" [2] . A recent review found out that this definition is still in use and that the "dimensions of CGA reported consistently included medical/physical, psychological/psychiatry, socioeconomic, function and nutritional assessment" [3] . Today, there are several studies in which CGA is used to predict mortality in, for example, hip fracture patients, heart failure patients, and hospitalized older patients in general [4] [5] [6] , but the evidence of the effectiveness of CGA on mortality is diverse [7] [8] [9] [10] [11] [12] . A meta-analysis from 1993 drew the conclusion that CGA-based care, given by a team controlling the medication and monitoring, improves survival rates, at least in the short term [11] . Another meta-analysis found reduced mortality at 6 and 8 months after discharge from CGA-based care but not before and after that period [7] . The latest Cochrane report from 2017 showed little or no evidence of reduced mortality when using CGA in an in-ward context [8] . A recent systematic review inventing effectiveness of in-hospital geriatric co-management found a trend of reduced in-hospital mortality, but the evidence was limited due to the invented studies having high risk of bias and heterogeneous measurement of outcomes [13] . Ekdahl et al. conducted a randomised controlled trial (RCT) with CGA in outpatient care over 24 months in which they found reduced mortality 36 months from baseline compared to conventional care [14] . Except for that study, we have not found any studies about how mortality is affected when CGA is used in an outpatient care setting. Therefore, it is interesting to conduct a subanalysis of the data from Ekdahl et al.´s study by including the patients that did not survive to compare the causes of death, in an effort to find out if CGA could affect this. A hypothesis was that CGA could affect the cause of death, which could be the key to why the mortality was reduced. It would also be interesting to see if CGA could affect the place, where the participants died and the quality of the palliative care given.
Care based on CGA has many similarities with palliative care. Palliative care is, like CGA, team-based and is based on a holistic approach [15] . Studies in palliative care/ palliative medicine usually target specialised palliative care in cancer and neurological diseases. Studies of patients dying from non-malignant conditions indicate the difficulties in predicting death when the final time is characterised by relapses of improvement and deterioration, where the underlying deterioration is easily hidden-"entry-reentry" [16] . Dying persons suffering from non-malignant diseases have the same need of specialised palliative care to control symptoms and to have open communication about death and dying as cancer patients have [17] . It is known that multimorbid old people suffer from a high symptom burden, especially pain [18, 19] . It has also been shown that older people received poorer quality end-of-life-care than younger people [20] . Taking account of this knowledge, it is important to improve the palliative care also to older patients and patients suffering from non-malignant, but still potentially fatal diseases. There is, as far as we know, no study that has investigated the effect of CGA, in an outpatient context, on the quality of the provided palliative care. Our hypothesis was that the quality of provided palliative care would be higher in the intervention group than in the control group, as CGA is a holistic care approach which gives attention to the palliative needs. In summary, the purposes of this study were to retrospectively study whether CGA given to old patients with multi-morbidity in an outpatient context had effects regarding; (1) the cause of death-which could be an explanation of the reduced mortality and (2) the quality of the provided palliative care.
Materials and methods

Design
This is secondary data from a randomised controlled trial (RCT) investigating CGA-based care in an outpatient context in the intervention group and conventional care in the control group [14, 21, 22] . The present study contains a retrospective examination of all electronic medical records (EMRs) (Cambio Cosmic which contain records from all public care services in the region and private primary care services that are contracted to the public care services) for the participants in the original CGA-based study that died during the intervention period and up to 1 year afterwards, comparing causes of death and different aspects of palliative care. It is a per protocol analysis which means that the comparison is made only for those participants in the intervention group that really received the intervention [23] .
Setting
The intervention took place in a municipality in the southeast of Sweden with approximately 130,000 inhabitants. The intervention started in 2011 and continued until the end of 2013. At the time of the intervention, most health care was provided at ten primary centres and one hospital (with 24-h admittance for surgical and medical emergencies). At the time for inclusion, the hospital had no CGA-based care at all why it is unlikely that the patients had been in contact with CGA before.
Participants
In the original RCT, 208 participants were allocated to the intervention group and 174 participants to the control group. At baseline everyone was 75 years or older and "living at home" (not in a nursing home). All participants had attended hospital for in-patient hospital care at least three times within the last 12 months and all had at least three diagnoses from different diagnosis groups according to International Statistical Classification of Diseases and Related Health Problems (ICD 10) (the Swedish definition of multi-morbid old people) [22] . In the original study, the intervention group got CGA-based care for the project period of 24 months. It is not likely that the quality of palliative care could be affected after the intervention was discontinued when the intervention group no longer received CGA-based care, which is why these aspects of the study are only investigated up to 24 months. Thus, this paper studies two populations: (1) at follow-up at the end of the intervention (24 months), 74 participants had died [intervention group (IG) N = 33/control group (CG) N = 41]. These persons were the study group for the retrospective study of palliative care. (2) At followup after 36 months in total, 117 participants had died (IG N = 51/CG N = 66). These persons were the study group for the retrospective study of causes of death (Fig. 1) . As the original study reported reduced mortality after 36 months in the intervention group, the cause of death in this study was analysed up to 36 months [14] . In the original study, the intervention ended when the participant moved to a nursing home, i.e., participants were excluded from the palliative care aspects in both the intervention group and control groups, as the care was no longer CGA based. In the original study, all outcomes (including mortality) were analysed as 'Intention to treat' why participants moving to nursing home are included in the cause of death aspects in the present study [14, 21] .
Intervention
The intervention group received interdisciplinary CGAbased care at an ambulatory geriatric unit in addition to usual care. The frequency of care given by the ambulatory geriatric unit was dependent on the patient's needs. The control group received usual care in the primary care unit or hospital [22] .
Data collection
In both parts of the study, background data (gender, age, and living alone) were collected from the EMRs. In the cause of death part of the study, all EMRs from baseline to the death of each participant were examined according to cause of death and place of death. When looking at the stated causes of death, we compared these with the known facts about the last days of the person's life, thereby validating the reported cause of death.
The causes of death were divided into groups based on the ICD 10 classification, with a few exceptions. Different bacterial infections such as pneumonia and urinary tract infection were put in the infectious disease group (in the ICD 10, they are sorted under their different organs) and the participants that had "deterioration", "worsened general condition", "weakness because of age", and multi-morbidity as cause of death were put into a new group that we called "Death because of multifunctional decline", see Fig. 2 .
In the palliative care part of the study, all EMRs from baseline to the death of the participants were examined according to the frequency of support from/referral to a specialised palliative care unit. The other palliative care aspects were examined for those participants that were assessed by a physician as dying. The palliative care aspects that were scrutinised were chosen according to the Swedish National Board of Health and Welfare indicators of good palliative care [24] ; accomplished break point assessment [25] ; information to patient/relatives about the change in care goals; and finally inventory and documentation of the presence of pressure ulcers during the last week of life (Fig. 3) . As it was difficult to find out from the journals which grade the ulcers had, all grades (1-4) were taken to indicate the presence of an ulcer even though grade 1 is normally not taken into account when assessing the quality of care. When the records were reviewed according to given information about 1 3 the new care goals, the data were set to "yes" if it was clear in the journal that the patient/relative had had a dialogue with a physician or a nurse. It was set to "no" if the records had a stated 'no' or if it was unclearly documented. In this subanalysis, we did not investigate symptom control.
The examination of records was conducted by the first author (JD) who extracted data systematically according to the present parameters. When there were uncertainties about the interpretation of the text, the whole research group took part in the decision.
Statistical analysis
Descriptive and comparative statistics were used on the data recorded from the two groups. The compared parameters were mainly nominal data, so the significance was calculated with a Chi-square test. For data at ratio scale, mean value and standard deviation were calculated and an independent samples T test was carried out. Logistic regression was used to determine any impact of confounders which was of importance as the present study group was a sub group of the original randomised group. Statistical significance was set at p < 0.05. IBM SPSS Statistics version 25 was used for statistical calculations.
Results
In total, 117 participants died in the original study up to 36 months from inclusion (IG N = 51/CG N = 66), while 74 participants died during the intervention period of 24 months (IG N = 33/CG N = 41). There was no statistical difference regarding the background data between the groups (Table 1) .
Follow-up at 36 months: death cause, place of death
In summary, circulatory diseases were the most common cause of death at over 40% in both groups (IG 47.1%/ CG 42.4%) followed by cancer (IG 21.6%/CG 15.2%) and infections (IG 17.6%/CG 12.1%). "Multifunctional decline" was the cause of death in 3.9% of the cases in the intervention group and 7.6% in the control group. The causes of death are shown in Fig. 4 . The data were too diverse and the sample too small to conduct any analyses to find statistically significant differences between the groups.
The participants died at different places: in their homes (IG 20%/CG 18.2%), at nursing homes (IG 24%/CG 33.3%) and in hospital (IG 56%/CG 48.5%). No statistically significant difference was shown between the groups (p = 0.547). One participant's data were missing due to lack of information in the records (IG N = 50/CG N = 66).
Follow-up at 24 months: palliative care
Regarding the palliative care given to participants dying during the 24 months of intervention, there was a statistically significant higher degree of support from a specialised palliative care unit in the intervention group (IG 30.3%/CG 7.3%, p = 0.010) ( Table 2 ). There was no significant difference between the groups in the frequency with which the participants were assessed as dying by a physician (IG 72.7%/CG 61.0%, p = 0.288).
Of all participants that were assessed as dying, a break point assessment was made with no difference between the groups (IG 66.7%/CG 48%, p = 0.187). The information about new goals in the care was given to a higher degree to the relatives or related persons (IG 91.7%/CG 88%, p = 0.672) but to less than half of the patients in total (IG 54.2%/CG 36%, p = 0.201). There was no difference between the presence of pressure ulcers between the two groups (IG 33.3%/CG 20% p = 0.359) and there were no differences in the documentation of pressure ulcer inventory (IG 70.8%/CG 52%, p = 0.145) ( Table 2) . 
Discussion
We found a statistically significant difference between CGA-based care and ordinary care when it came to referral to specialised palliative care clinics. The other investigated parameters did not show any significant results. The causes of death in this study follow the European pattern of causes of death, where circulatory diseases stand for the largest group followed by cancer diseases and respiratory diseases [1] . In this material, we categorised common bacterial infections in the infection group, which is why that group is larger than the respiratory diseases group, mainly due to pneumonia and urinary tract infections which are common among old people. The study did not find any surprising differences in cause of death between the intervention group and control group that could explain the reduced mortality.
It was interesting to find out that the intervention group had a higher degree of support from the specialised palliative care team. That could be an effect of higher referral from the CGA team to the specialised palliative unit due to greater attention to palliative needs in the intervention group. As it is difficult to predict death when patients follow an entryreentry pattern [16] and CGA is intended to take care of the totality and thus has many similarities to traditional palliative care, CGA-based care might recognise who is suitable for specialised palliative care to a higher degree. This is in line with the opinion that specialised palliative care should also reach patients with non-malignant diseases [17] . It is surprising though that there was no difference between the groups in break point assessments or information given about the care goals. The lack of significant data in many of the palliative questions is probably a result of the subanalysis being underpowered rather than the specialised palliative care being insufficient. With a well-powered original study, it might had been possible to see effect not only in referral to specialised palliative care but also in the palliative indicators. It may also be a result of not including patients living in nursing homes which usually means an increase in geriatric syndromes and frailty [26] [27] [28] in whom CGA is more effective [27, 29] . This study is a subanalysis which is a limitation, as is the low number of participants. The results would have been more generalisable if there had been more participants and if these outcomes had been measured as primary outcomes prospectively in an originally RCT. The original RCT was well powered for its outcomes, but for this outcome, it was underpowered. It is a strength that the causes of death were not just taken from the diagnosis statistics of the health care system, but were examined in depth to improve their validity. In an original study, it had been possible to investigate quality of life, symptom control, and functional decline which are examples of other important areas of the palliative care effectiveness. This was impossible in this subanalysis and is a weakness of the study, especially when symptom control is one of the main goals in palliative care. There are studies that use CGA to investigate the patient status when important decisions are to be made, e.g., to get measures to decide whether the patient will withstand oncological treatment or if it is time to initiate a break point dialogue [30, 31] , but no studies were found, where CGA was used to investigate the palliative needs and become a basis to improve the palliative treatment. This study is, as far as we know, the first to investigate the effect of CGA on causes of death and CGA aspects of palliative investigation, which makes it unique and increases its importance.
Conclusion
The present study in an outpatient context cannot prove any effects of CGA on causes of death that could explain the effect of CGA on mortality. The study shows that CGA in outpatient care means a higher rate of specialised palliative care but the study cannot show any effects on the palliative quality parameters measured. Further studies with statistical power are needed.
